Abstract-This paper presents the experience of designing and implementing an educational content creator adapted to mobile devices in a K-12 environment. Two main issues have been detected when designing this tool. The first one is the screen size, which will limit the contents´ size and the quantity of contents presented at the same time in the screen. The second issue is related to the touch screens these devices have, which changes the whole user experience. Four types of resources can be generated with this tool considering these issues. Firstly, a virtual microscope where the user can select a sample and study it in detail through the microscope. Secondly, a quiz where the user has to join words to their corresponding definitions or images. Thirdly, a virtual chemistry experiment where the user has to drag and drop pipettes to complete chemical formulas. And finally, a generic flashcard that presents a background image and several "hot zones" where the user can touch and see additional contents that the teacher has previously tagged. Details about the technologies and details related to its implementation are described in the paper.
INTRODUCTION
As technology evolves, new powerful devices with more capabilities are available for the end user, smartphones, tablets, laptops or desktop computers. Even televisions and cars should be considered as they are starting to incorporate a browser, applications and Internet connection. All these devices entail new challenges for teachers to adapt their contents, teaching methods and tools.
With these devices, new opportunities appear to increase student's motivation and engagement while they learn [1] [2] . Nevertheless, learning object repositories usually do not contain suitable resources for this kind of device. Sometimes because they depend on the operating system installed. In other cases because of the differences in the device hardware like screen sizes, touch screens, RAM or CPU capabilities. As a consequence, teachers have to use traditional less interactive resources.
On the other hand, although sometimes they can find suitable resources for these devices, the content does not fit, it can be for example oriented for other ages or in another language, being impossible to customize it. Therefore, in those cases teachers need to generate their own resources from scratch.
This was the main issue that was pointed out by the teachers participating in the project called GLOBAL excursion (Extended Curriculum for Science Infrastructure Online) [3] . GLOBAL excursion is a supporting action funded by the European Commission under the Research and Innovation Infrastructures programme of FP7.
The project will develop a common understanding, teaching use cases, as well as pedagogical and technical artifacts. The main purpose of the GLOBAL excursion project is to enable students and teachers access to the experimental laboratories and resources of selected e-Infrastructures in order to improve science curricula by enriching school's existing teaching and learning materials.
The scientific partners participating in the project are initially three, the Institute for Biocomputation and Physics of Complex Systems (BIFI) from Spain, the Nanoscience Centre from the Cambridge University (UCAM) from the United Kingdom and the Computer and Automation Research Institute (SZTAKI) form Hungary. Other scientific centers are expected to participate in the near future. The materials currently provided by all partners are based on the following topics:
• Biotechnology and biology from BIFI.
• Grid computing and volunteer computing from STZAKI.
• Nanoscience from UCAM.
These scientific materials are very diverse. However, as they are very technical and specialized they can be difficult to understand for young students. To make these materials attractive and enjoyable for students and to allow the creation of interactive learning multi-device objects, we have designed the Virtual Experiments creator. It is a web tool to integrate the contents that scientific centers provide, like images, videos or texts, or other contents and learning materials that the teachers upload into multi-device applications. This paper explains with detail the Virtual Experiments creator tool and some examples of how these resulting Virtual Experiments are viewed in mobile and desktop devices. To do so, we first review related work of ubiquitous learning and other authoring tools. Section 3, 4 and 5 explain the Virtual Experiments, the viewer and the creator. Section 6 follows with the technology we chose and the issues that arose when designing and implementing for multiple devices. We finally end with some conclusions and a short summary of possible research lines related to this tool in the near future.
II. RELATED WORK
Ubiquitous learning or u-learning enables students to learn at any time, anywhere and on any devices. From a real perspective, building a ubiquitous learning environment requires a "ubiquitous" learning device accessible by every learner all times [4] . Ubiquitous learning systems should consider various factors like support for heterogeneous devices with different screen sizes and resolution, storage, processing power, format handling capabilities and network connectivity [5] .
Most learning objects have been designed for viewing within learning management systems (LMS) and web browsers. In order to include these learning objects into ubiquitous learning systems, content adaptation is needed. Content adaptation concerns the act of transforming learning content to adapt it to any mobile device capabilities [6] . This adaptation will ensure learning objects can be properly visualized in different access methods and devices, such as mobile phones, laptops, tablets, etc. Numerous initiatives have proposed different content adaptation approaches [7] , [8] , [9] . [10] even propose a content adaptation tool that provides different templates to reproduce high-quality learning content for specific handhelds.
Although content adaptation is very useful for web pages, it cannot be automatically done with non-web based applications, as they have to be installed, nor with some contents that were specifically created for desktop computers and they are not resizable.
However, a good approach to avoid content adaptation issues is to create the learning objects with ubiquitous or multi device tools. In this case, the contents will have to be properly designed and developed for devices with higher restrictions [11] and then tested with the rest of the devices.
In [12] we can find a comparison among different authoring tools. Only half of them generate adaptable learning resources, and in most cases these resources consist of web pages with text and multimedia resources (videos, audios) integrated.
Other open source, free or commercial tools to create elearning resources can be found, like Xical [13], eXe [14] , and Wink [15] among many others. Most of them allow the user to create web educational resources or flash based objects that won´t work on modern handheld devices.
III. THE VIRTUAL EXPERIMENTS
The Virtual Experiments can be considered learning activities or learning design according to the characterization that Allison Littlejohn does of e-learning resources in [16] . They use the digital assets and information objects to compose the structured sequences of information and tasks.
This tool has been designed following the principles explained by Clark and Mayer in [17] related to multimedia learning resources. Together with the principles of interfaces design and mobile interfaces design of [18] and [19] . This way we have created an attractive and useful interface for the generated Virtual Experiments to be used by K-12 students in a pedagogical way. There are no toolbars full of options that can distract the student´s attention. The educational content is very visual. It is based on images and videos. The student can interact directly with the learning objects themselves and not only consume the information in a passive way.
Another big concern was about students' motivation. Jere Blophy in his book "Motivating Students to learn" [20] states that students are motivated when they believe they are able to succeed at a given task and when they understand and value the outcome of the task. Here, the simple and usable interfaces will help with fostering students' motivation. Students with a quick look will know how to interact with the Virtual Experiment and will value the outcome of the task. These Virtual Experiments will suppose also a challenge for them. Instant feedback after any action is also provided to engage them.
IV. THE VIRTUAL EXPERIMENTS VIEWER
Four types of learning objects can be created with the Virtual Experiments tool. The only difference among them is the interface design. Images, videos and texts can be integrated in all of them. In the following subsections, we will explain the four interfaces related to the different Virtual Experiments that can be created.
A. Virtual Microscope
This first possibility allows the teacher to create a visualization of a microscope and some petri dishes (Fig. 1) . The learner will be able to interact with this microscope either with a mouse (if he/she is on a desktop computer) or with his/her fingers (if using a touch screen on any other device such as smartphone, tablet, etc.).
When the learner clicks/touches a petri dish, the microscope view appears full screen (with or without explanation depending on the teacher's decision) as we can see in Fig. 2 . In this view, the student can move around the zoomed in sample in order to see it with more detail. Fig. 3 illustrates this Virtual Experiment in which the teacher defines some chemistry formulas with some unknown compounds in them. The learner will get the drawings representing these formulas and a test tube holder with the compounds that lack in the formulas (represented in them by a question mark).
B. Chemistry Experiment
The learner has to drag and drop the test tubes to the questions marks in order to get instant feedback if the answer is correct or not (Fig. 4) . 
C. Quiz
In this case a visual graphical quiz can be created. The student will have to click or touch the different options represented by text (Fig. 5) and images or videos (Fig. 6) to join them. Again, he/she will receive instant feedback about the matching. 
D. Flashcard
This final Virtual Experiment is the most generic of all, as it does not force a specific interface or scenario. The teacher is the one in charge of uploading or selecting a background image and indicating hot zones on it, linking them with another educational content (text, images, or videos).
The learner will see something similar to Fig. 7 in which there is a background image with several hot zones with moving arrows. If those zones are clicked/touched, the system shows the explanations that the teacher has assigned to each zone.
By using the flashcard learning object, teachers can generate any kind or educational content related to their subject. This way they can re-use their materials. The Virtual Experiments creator tool (F creation of the multi device learning objects d is also developed in HTML5 and so it However, as in this case the teacher has explanations, it is more comfortable using computer with a real keyboard instead of a v a handheld device. The creation process is quite similar in experiments previously described. We can d into three steps: 
VI. TECHNOLOGY
The Virtual Experiments ru as they have been developed standard for the web. For this can be integrated with any management system (LMS) possibilities such as geolo multimedia communications, ga
The Virtual Experiments ar 9). Consist of a web server generated Virtual Experiments client and server is done via H JavaScript And XML) calls an defined in JSON (JavaScript contains all the text and the ab objects. One of the most interesting to address was the multi-devi dedicated to cover it and how w
A. Multi-device issues
Unlike native applications HTML5 our application will ru is one of its main features. It on HTML5 support.
However, there are multip make our application to be less user experience plays a critic determining which products sta have to take care of usability application and never come b learning process). g and difficult issues that we had ice issues. The next section is we addressed those difficulties. s, we can be sure that with un in any modern device as this nly needs to have a browser with ple device constraints that will usable. As Miller stated in [22] , cal, and even primary, role in and out. Bearing this in mind, we y to avoid students closing the back (aborting in this way the The main constraints to consider are:
1) Screen size:
Screen size is the biggest problem to deal with when designing for mobile devices. It is different from screen resolution since modern mobile devices have big screen resolution (reaching even HD screens). Smartphones for example usually have 3 to 4.5 inches of screen size, and we want to introduce the same information both, in mobile screens and in desktop screens.
Following the principles of [18] and [19] we kept the design of the viewer simple enough to be used in either a big or a small screen. We promote the use of images and videos over texts to avoid as much as possible zoom in/out actions (although they are allowed by touch gestures to see details). As a compromise, we do not let the user to enter lengthy texts as they will not be easy to read in small screens.
2) Touch screens:
User interaction is different between devices with keyboard and mouse compared to touch-based screens. In devices with touch screens the keyboard will be virtually drawn and so the resulting screen size to write is even smaller.
Furthermore, HTML5 touch events have to be used together with click events. Otherwise, some special behaviors like zoom in/out gesture (commonly known as pinch action) also had to be implemented as it is very useful and it is becoming a "de facto standard" in touch screens user interaction.
3) Different browsers:
There is a high variety of browsers (e.g. Explorer, Chrome, Firefox, Safari, Android, etc.). All of them follow the standards and support HTML5, but there are always small differences that have to be considered. Those differences can be appreciated when entering with a browser in http://html5test.com/. Taking this into account, it is necessary to set a minimal set of features generally supported by the majority of the mobile browsers in order to use them in the Virtual Experiments viewer and creator.
4) Format handling capabilities:
Although in HTML5 any image or text is recognized by any browser, the same does not happen with video codecs. Three video codecs are supported in HTML5, Ogg Theora, H264 and VP8 (WebM). But not all browsers support all codecs, and this can be a problem nowadays. Fortunately the HTML5 video tag is prepared for this. We can indicate it inside two sources with different codecs and the browser will use the one that can play [23] .
The main drawback of this solution is that any video that is uploaded to the platform will have to be encoded in two different formats.
5) RAM and processing power:
RAM and processing power does not suppose a problem in modern smartphones that can even have 1GB RAM and 1.2GHz Dual Core. But when the smartphone market started they had 128 MB RAM and 400 to 600Mhz. Right now, the current specifications of the majority of mobile devices is enough to manage images, texts and videos.
6) Network connectivity:
Mobile devices usually have 3G/4G and Wi-Fi network connections. In both cases it can be a slow network connection and not enough bandwidth to see a video in streaming or to load several images at a time. This can cause problems in the user experience. We have solved this issue pre-loading all the content before the Virtual Experiment starts, making it transparent to the user.
VII. CONCLUSION AND FUTURE WORK
The work exposed in this paper allows teachers to create customized learning objects that work in any device. Four types of experiments can be created with this tool: a virtual microscope, a chemistry experiment, a quiz and a generic flashcard. Their interfaces are easy to use and reusable as foundations to create more Virtual Experiments that can be implemented with the same technology only changing those interfaces.
Although the technology chosen is multi-device, many issues have appeared. We have described them and have given details about how we dealt with them, so these solutions can be reused by the community.
There is some functionality that we have considered to add to the Virtual Experiments in the future. The first one is based on providing an evaluation and assessment method in the quiz and chemistry experiment, so the teacher can get the pupil´s results to be aware about the learning process. This could be done following a standard like IMS QTI.
In the current version, the Virtual Experiments are saved in JSON format. Another important functionality that we want to add is to export the generated resources to standard e-learning formats such as IMS-CP, SCORM or LOM.
On the other hand, to reduce download time and data consumption (in case of 3G/4G connections) we are considering encoding the videos with lower resolution for small screen devices, allowing the system to select the suitable format depending on the context. Moreover, as we have pointed out before, new types of Virtual Experiments could be developed with little effort by changing the interface design (e.g. a virtual telescope instead of virtual microscope).
Finally, due to the current all-mobile lifestyle and taking into account that everyday mobile devices are getting popular and starting to be used by the general public, we will have to consider them to test the Virtual Experiments on as many devices we can, making small changes in the interface and interactions if needed.
